Research
As noted by Burnett and Hansen (2008, pp. 552) , studies on Environmental Disclosure (hereinafter ED) have explored aspects such as: characteristics of the reporting entities, type of information reported, and the reasons that organizations opt to voluntarily disclose their environmental performance data. Researchers have also conducted comparative studies of the relationships (two by two) between: Environmental disclosure, environmental performance and economic performance.
The number of studies analyzing the relationships between environmental performance and the financial and economic performance of companies has also risen. Molina-Azorín, Claver-Cortés, López-Gamero and Tarí (2009) , maintain that good environmental management generally has a positive impact on the financial performance of companies, and vice versa, referencing the previously mentioned quantitative studies of activity sectors, countries and settings (Ferrón, de la Torre & Aragón, 2010) .
From an economic perspective, several studies have confirmed the importance of incorporating environmental aspects in port management, (sedimentation in aquatic environments, air emissions, waste generation, energy and water consumption and noise, among others),to guarantee better economic performance, affirming that improved environmental performance can reduce costs and enhance stakeholder engagement, with the ensuing positive economic results for the company (Poltrack, 2000; Kolk & Veen, 2002; Hou & Gerrlings, 2016) .
As concluded by Al-Tuwaijri, Christensen and Hughes (2004) , good environmental performance is associated, to a significant degree, with good economic performance, and also with more complete environmental disclosure and reporting. Thus, our research involved a descriptive, cross-cutting, 3-stage study of the year 2012, using Data Envelopment Analysis, to obtain a snapshot of the correlations between environmental disclosure by Ports Authorities and their economic efficiency.
A review of the literature on the efficiency of maritime ports shows that Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA) are the quantitative techniques most frequently employed.
In this regard, we remit to the full review of the literature conducted by SchØyen and Odeck (2013, pp. 199-202) , which documented that of 47 articles on port efficiency written between 1993 and 2008, 36 used DEA and 11 SFA, which, in the authors´ opinion shows that DEA Data Envelopment Analysis is the tool most frequently used, particularly in the most recent studies (Horgn-Jinh & Ling-Chu, 2012;  DEA arose as a welcome solution to a difficult need: calculating economic product cross-referenced with efficiency. DEA analyzes inputs and outputs and determines the relative efficiency of DMUs (Decision Making Unit: companies, strategic business units, processes and activities, among others) performing similar activities. In our study, the DMUs are the Ports Authorities of the Spanish Port System.
In the first stage of the study, a DEA analysis was done of all 28 Spanish Ports Authorities (46 ports managed), thereby ensuring that sample and evaluations of economic efficiency covered all members of the Spanish port system. The 20 PAs that had issued environmental reports were included in the second and third stages of the study.
We opted for a DEA efficiency analysis with variable returns to scale (Banker, Charnes and Cooper (BCC) model). In this model, the underlying hypothesis is that any variation of input to a DMU leads to a -not necessarily proportional-change in outcome. In other words, changes in scale affect efficiency.
The model calculates the relative efficiency of each PA, including changes in operational scale, to reflect the current reality of the PA comprising the Spanish Ports System. The study performed was designed based on maximum outputs, an essential efficiency factor. The potential for actions on the expense structure of PAs is constrained, due to the nature of activity, as most PA overhead expenses are fixed.
The data used in this analysis were obtained from the official periodical reports issued by the AssistantDirectorate of Management Analysis of the Public Entity Puertos del Estado.
Characteristics of the sample and variables used in the study
The DEA economic efficiency analysis was done for the entire population, the 28 PAs who represent the 46 Spanish ports of general interest. However, as mentioned earlier, in the environmental analysis the final sample is comprised only of the 20 PAs that publish environmental reports. Focusing the study in this way, over various stages, allowed us to determine a priori, the economic efficiency profile of the PAs not considered in the second stage of the study.
In the first stage of the study, an Economic Efficiency analysis was performed, with variables described as inputs and outputs. The variables applied in the DEA analysis are:
• Inputs
• Depreciation and amortization of non-current assets -749-
• Personnel Expenses
• Other operating expenses
• Outputs
• Operating Revenue Table 1 shows the summary of the basic statistics of these variables for the period analysed (in euros). 
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Results
Results of the first stage
The use of DEA analysis with variable returns to scale to maximize the outputs considered, gives as a result the classification of the efficiency assigned to the different units analysed, to which a value of 0% -100% is assigned, and, thus the score assigned to efficient and inefficient PAs. The assumptions applied in DEA analysis, were: scores below 100% indicate relative level of inefficiency, inputs and outputs, with reference to the economic performance of the PA of the Spanish port system.
As noted earlier, the absolute score, reflected in Table 4 , was divided among four categories: efficient PAs (score 100%), marginally efficient PAs (≥ 90%), marginally inefficient PAs (≥ 80%) and inefficient PAs (< 80%). In Table 4 , the PAs not included in the environmental disclosure analysis are marked in red.The scores received in the first stage by the 8 PAs excluded from the second stage of the study -753-Intangible Capital -https://doi.org/10.3926/ic.937
were: 2 efficient PAs (score 2), 1 marginally efficient PAs (≥ 1), 1 marginally inefficient PAs (≥ 1) 4 and inefficient PAs (< 4). Thus, the overall study refers to a sample representing 71.42% of the total population of Spanish PAs, and maintains its relevance.
Regarding the scores and categorization of the 20 PAs included in the stage 2: 30% are efficient, 15% marginally efficient, 25% marginally inefficient and 30% inefficient (Table 5) . Table 5 . PA classification by DEA Scores
Results of the second stage of the study
Of the PAs examined in the second stage (those providing environmental reports and environmental disclosures) 85% included 5 or more environmental aspects in their reporting (Figure 1 ). The top 4 categories for which PAs provided descriptive and quantitative reporting (by percentage of PAs reporting on item) were: energy (50%); water and discharges (65%); solid and hazardous waste (75%); and 85% reported CO 2 emissions (Table 6 ).
In the reports examined, up to three years of historical data (the maximum breakdown) was supplied by PAs on the following items: CO 2 emissions (40% of PAs), water and energy, 50% and 55%, respectively (see Table 7 ).
Of these, all included information on energy management and CO 2 emissions protocols, with 85%
reporting on water use protocols.
Regarding energy: none of the PAs in this category provided numbers (percentages of savings) on lower energy consumption, although 65% reported reductions of up to 25% due to energy efficiency measures.
-754- (Table 8 ).
In the specific case of emissions, all PAs reported emissions affecting the ozone, emissions of nitrous oxide (NO), sulphur oxide (SO) and other harmful substances. 50% of the PAs cite annual emissions reduction targets of up 25%, and one PA has a 50% target. All of the PAs explain treatment processes for discharges, solid and hazardous wastes.65% of PAs report the percentage of discharges treated, although 50% set no future reduction or treatment targets (breakdown in Table 9 ). Regarding future reduction targets, 45% set no hazardous waste reduction target, and 75% no noise reduction target (Table 10) . The variables used in these analyses, and profile obtained for each of the groups is shown below.
PA groups: From analysis of type of environmental information disclosed
The variables considered in the first cluster analysis, done to classify PAs based on type of environmental information disclosed, and their economic efficiency rating in the first stage of the study were:
• 2. (Santander and Vigo), with the lowest economic efficiency scores, due to which both were ranked as inefficient.
-761-Intangible Capital -https://doi.org/10.3926/ic.937 Table 11 . Dendrogram-PAs classification based on type of environmental information disclosed
In each of the groups, the variables showing significant average value differences are those related to the type of environmental information disclosed on water (variable 2.2.1), discharges (variable 3.2.1) and noise (3.4.1.). Table 12 shows the cross-tabulation of the values of those variables, and the groups obtained. Thus, the group providing best quality information disclosure on water, discharges and noise is group 1, which includes all efficient and marginally efficient PAs. The group providing the poorest breakdown of environmental disclosure is group 2, which includes the majority of the marginally inefficient PAs.
For the 3 variables mentioned above, it should be noted that groups 3 and 4, the inefficient PAs, provide a better breakdown in their disclosures than does group 2.
-762- Table 12 . Groups from analysis of type of environmental information disclosed
PA groups from analysis of frequency of environmental information disclosed
The second cluster analysis was to group PAs by years/periods of historic data provided in their environmental disclosures on consumption of natural resources and CO 2 emissions.
The following variables were used.
• 2.1.2.2. ENERGY disclosure years/periods
• 2.2.3. WATER disclosure years/periods
• 2.2.3. CO 2 EMISSIONS disclosure years/periods
• DEA Economic Efficiency Score Table 13 shows the PA groups defined and the members of each group.
-764-Intangible Capital -https://doi.org/10.3926/ic.937 As seen in Table 14 , groups 3 and 4, while those with the lowest efficiency ratings, reported the variables analyzed (energy, water and emissions) over the longest time-frames, annually or providing 3 years of historical data. A large proportion of the PAs included in groups 1 and 2 make no reference to specific time-frames in their disclosures on the three variables.
-766-Intangible Capital -https://doi.org/10.3926/ic.937 Table 14 . Frequency of environmental information disclosed
PA classification by environmental impact management
The third cluster analysis was to classify PAs by the annual reduction targets each had cited for high environmental impact activities. The variables considered were the following:
• 3. • DEA Economic Efficiency Score
The dendogram (Table 15) , shows the results of this cluster analysis. Figure 4 shows the efficiency distribution of each of the groups, obtained in the cluster analysis. As in the previous clusters, group 1 contains all of the efficient and marginally efficient PAs, and the one marginally inefficient PA, (Gijón) which is included due to highest efficiency score within its group. In group 2 are the remaining marginally inefficient PAs. Groups 3 and 4 are comprised of the inefficient PAs. Group 3: Bilbao, Castellón, Melilla and S. Cruz de Tenerife and group 4: Santander and Vigo. As reflected in Table 16 , of group 1 PAs, 70% have established reduction targets for emissions, discharges and hazardous waste. Remarkably, none (0%) of group 2 PAs have set any emissions reduction target for the variables considered. Noise management is the variable most neglected by all 4 groups. Only 40% of PAs within group 1 and 25% of group 3 have established noise reduction targets.
PA classification by natural resources management
The fourth and final cluster analysis (Table 17) was to classify PAs by management of the natural resources used. The variables used to build these groups were:
-770-
• 2.1.3.2. ENERGY CONSUMPTION reduction due to energy efficiency measures (% over previous reporting period)
• 2.2.5. WATER reused and recycled (%)
• DEA Economic Efficiency Score Table 17 . Table 18 reflects the % of PAs that, due to environmental management practices, have achieved improvements in their consumption of energy, and of reused/recycled water. Of these, group 2 (among the most efficient) contains the greatest percentage of PAs (85%) to achieve energy efficiency related reductions of up to 25%, and also reports the highest percentage of water reuse and recycling.
The results of Group 4, the least efficient PAs, deserves mention here. Of these, 66% report energy efficiency improvements of up to 25%, and reused/recycled water improvements of up to 50%.Improvement percentages are lower for the PAs in groups 1 and 2, with 50% reporting improved energy consumption and 0%-25% reporting improvements in water reuse/recycling, respectively.
Conclusions and future lines of research
73.34% of efficient PAs report on five or more environmental management aspects in their environmental disclosures, a figure that rises to 100% for marginally efficient PAs, and moves to 80% and 83.33%, for the marginally inefficient and the inefficient PAs, respectively (see Table 19 ). However, in three of the four cluster analyses, all efficient and marginally efficient PAs are grouped together, which means the environmental reporting of these PAs was similar in terms of type and frequency/periods for data supplied on emissions, discharges, hazardous waste and noise. The inefficient and the marginally inefficient PAs with relatively lower efficiency scores, are also grouped together. Tables 20 and 20b summarize the results of the four cluster analyses that enable us to characterize the PAs by environmental efficiency cross-referenced with their environmental management disclosures.
Efficient and marginally efficient PAs are those providing the highest level of detail regarding the management of water, discharges and noise; 70% of the PAs in these groups also provide annual information on energy, water, CO 2 emissions and set reduction targets for discharges, hazardous waste and emissions. These are also the only PAs that establish noise reduction targets. Efficient PAs also stand out for their water and energy management. 85% reported reductions in energy consumption of up to 25%, and 57% also report the percentages of water recycled and reused.
Within the study, the environmental disclosure practices of the marginally inefficient PAs were poorest:
none set environmental impact management targets for any of the 4 items, CO 2 emissions, discharges, hazardous waste or noise. They provide solely descriptive information, which fits with the data that only 33% of the PAs of this category provided descriptive and quantitative information on water and discharge management.
Regarding water and energy management, the marginally efficient and the marginally inefficient PAs have similar environmental reporting behaviours: 50% of these report reduced energy consumption, but do not report percentages of water recycled or reused.
Here it should be noted that the inefficient and marginally inefficient PAs (with lowest scores in their category) consistently provide higher levels of detail in their disclosures than, at least, 50% of the PAs.
They usually provide descriptive and quantitative data, and set targets for emissions, discharges and hazardous waste. 100% provide annual information and/or up to 3 years historic. Regarding energy and water management, 50%-66% of the inefficient PAs report energy consumption reductions of up to 25%.Further, between 25% and 66% of the PAs report the percentages of recycled and reused water.
General observations: the most economically efficient PAs are those that provide the fullest environmental disclosure data on the four environmental reporting indicators considered: type, frequency, environmental impact, and water and energy management, as was concluded by Al-Tuwaijri et al. (2004) . The results of the study show that the most economically efficient PAs do a better job of managing the environmental impact of their energy and water use.
The results of this study of Spanish Port Authorities echo the findings of a study done of 10 major U.S. ports (Cheon, Maltz & Dooley, 2017) , which found that economic performance is linked to good environmental management and practices, and good environmental management has become a competitive advantage for ports. The U.S. and Spain have both amended existing port legislation to include requirements on the environmental sustainability of port operations, while not losing sight of the economic fact that ports are businesses.
Spanish law 33/2010 will most assuredly be followed by further environmental regulations and requirements for ports. We feel that the Spanish Ports Authorities should consider adopting Integrated
Reporting Models in anticipation of events. This would enable Spanish ports to gradually improve their environmental reporting on financials, economic resources dedicated and governance, while also serving to inform stakeholders of their environmental performance, resource consumption, plans, targets and risk/opportunity strategies. As noted by Castilla and Roselló (2013) .
In our opinion, future research could include a longitudinal study of several years to discern how the environmental disclosure and economic efficiency of Spanish ports authorities has evolved.
In this respect, in further study it would be pertinent to conduct an environmental performance and Eco-efficiency analysis (Burnett & Hansen, 2008; Haralambides & Gujar, 2012) , applying a DEA model constructed from the environmental information reported by the PAs.
